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EPi^aG^iaao^tiD^na- a 
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aQflOgaElvD 
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CEE 
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LcTTh (E Q^\MuMjom^kM^> - U 

.UsfeagftCQioDZ 




.fctEsafcatT 



I0£- C 

v 

q = (tl -t2)/R 

EaQlo /EEJdd£j /Sc¥H$ gEj /ie gffefe^ 

Q = q x time 

d^a(HE£ lM aR I^WSCB^i^ Q&aGl ka^g^ao^ii^ 
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CEe 



g^/cyc,(xD ?^m^L^BJ0.^M 



Rsurface = 1 / {(5.8 + 4.1 V) + 4.4} 

.dpMj(|&-?t(v)OEj 



.y°C m 



.y°C cM>$Sg (M34toGta^Dac;c 5l£/^dpciiffi«^ CPU 

t = Q/ 1200 °C 



r ss _ _ 





cc ^OMvMjm^foMg <M?dA ^)MiiziMaab§j u 



CEE 



q= t/R= 10/0.1 = 100 watt 
Q = q / time 

time = Q/q = 26.000 / 100 = 260 sec. = 5 minutes 

\G$&M§ (Mar OMMhiig MBia$$g (Mj <Ok&ge 



!6/EE(p)jLS||^ 



Q = 100 x 60 xlO = 60.000 Joul 

.yc, Deg§|6 4§(SB <M <M3£p>6\ 
cyg$/ yc,cOR(pEiRa@^a(B^| U6 i^J' 

q = 2.3 x 0.05 = 46 watt 

46 x 10x60 = 27600 Joul 
27600/27200 =1.01 ° C l^a ^CiSS^) ^3^mk^^^G^ 

yHE>2ffi>|6 ji(EEk^ (M3%(k^iaz^^ LPU 

_ %= (30-22.3) / 0.1 = 77 watt 

z/tey£<9ra| LPL6^Qs(aS^I(9a(jS27600 Joul g/ft/| <0<(HBi(SLdQ^ 



Q = 77 x 600 = 46200 Joul 
Q = 46200/ 26000 = 1.8 °C : 

ycdXBUDOO 

a ^(J^ag>i»^_(M34^0l§ 30$ UsfeaQha g 3 cpllhito 
&maP£)^a<±MMgMa^ gM?(M^l^a^fra^ (M 

.pYiiS^fla^ 

U^^a±i^aQSi!i>^ >l E§ aA hi^ldrh 4^iopj LBcff^ 
ka^a(Mz ae^aK^p^X^aj Jfe (¥Hy LA. ODg60K joui_ 
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Finile Difference :)ftpCft5ffN}f- C 

j imfi 6 ^WJ^D?(E^ g ^Bl^aoSgiK^ V&n% mML ffifc 

.gP(PEB(SLdfn 

/@laQ#a >lg$ IMpzA) RepEa(Mz /^aaeflia /£g U0lM!#iff}$ 

z (^^3>^/|l%aCBi^ GS^j & ga^D^a^e^ajiEcaaylg 

^§(Mz KB a^a^C^ z S/tb ($00$ 

(5Sbip% z$ (SSgcb- DaVI z LST^actt^ <pvft(Efe#^| ap^Ialu 
•?C&g iptiKSi a^ag^a^agM'Z(2p^a(i6 a kg (fe J04,^ 




(J^Q^ag AS At§ errors 6U)| h&%&$qpz Mm^m,Usm>^ 
?J ai^/^a^^^&o^ Jopg M^J^dS^ Uia aG£ ^Sg al 
^|a^6yiuBgep§j <Gkr Cg ill ALtJ^pi^j 2fea^p±iB ll& 



Finite Element :d|^f HjfEpTJcJff- C 

^kj ^D^$??MhMk&^ME$z aefei^ad! z 
z Ao (McD?i IMa^apy^ (Mj Oft A 
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. (gf@$ ? tEk^vEfigflg CEJ^iBKBi^ <M- C 
. jSi j 3ftclff| G5 ka^SBe*- D 

.aec,D- c)6>ii5a?it6 

BULEGH-ecDOa Us| l&ed'xQ g^BLAEGH-eCx ftj£ Bfc 

.ia$(loed;(I)xd)gito 
.^^ofB^qfTa-d 

^aQ§p^ (SB CjB g3g Gi'alg U^^_g^ao^^.($ 



:ad<ag lM#g alg/HEEM aaAt§ 



i&fJPif 



'■Si' v 



. finite elements g^a^^acfclCfefcf: BLUofialEC^ Ufinite differences ljgft| 

apO /|E BL^HI kq&SBdnJL (ate(x Us§ 33 k^ka%ffixBffi3_m 
^Ed BUE&QIs; i^odOGPffl^g (a$rfD& >H 6t^|-??i3§ 

:j ^CkSh^iGkg j ^QkE^pE^ 

.cfcdEc =E xEd 



o/f 




R2 



Gee 



- :hJMf D«D2b 

. tc xMq <M?$lk?l$) $MxgE$&?i$- C 

tc = Qin - Qout 



.?[^a^a3i?)2^a6eflihc 

. KQft A^PEtT it M qa±i?0£aa £@ra-D 
.t A qGk&liU$ a&$ 3i?e^abeflp- d 
.t Mc^M^s^v^^sb ic^a- E 

.(uTi^M^uqpj^fiDappeifufllf 

J <?$ ti^>&§g gMij MM o%/B ULfe|la^g M)f 
^JQD aa%& kJq/B^ lMaOE^agM3^<^g^ 6gss£ 

a%az ySBpffiic^^ Ellj^afG^jmMb (Sp^a&6 a Mg U$ 

. Ao (g BlMaLE(35k/|s:/Se E $(93 

§%bz #t BUMalo^Gy UPL^fag aEgaSf /BCiaiOS @g I§a 
CeD 



ggp^kj Uener g y+ (%mM]09^ 6t#S@j rialoltefto^ 

dbpm uEraappqEf £i| ue- b 

d^^a^Ta^ Wd^m^mQ CQi^BUPakOe OD^Me® 

. ^ (fe6? a^rTach^a 

:RJIl!iPMCE-C 

: ^j>«3iil j^U*]| (^u^l £buiVI Sa£-> 

.cm 

gf E^aR hfebJb^UPy U^Ki^io^iaz gftl Aj <Gkj UdSfc (||8i&fi$ 

?^ (1 j if g& GUEodog i|^Q^?^ <^©3®I6 /mpE 

P5 =P*I<aG@G0E^ 

q d = idn cos ia : r ^ Cpe&Ba?^ U^&at /Sal qagf a^E% 

ids =OEi?^Aip)EtTGtySlqaf 06 

idn = ?a^lipEtT(it/&qag£ 

jfyty ?§§ECMfoM&i^ <M3$$GUEaz 6(g^Mj acta^qpCOlg 

. (b&h&3^ti^a3 




.(... - d'o^C?Z^U^(ayiqac^%Bc 



(QE^Q^aQ^fe^. .&E<a<§(£||d^forrn factor) 

3Ppj| z ifiu%Q: <Mv&/$_flld^^ ?$lk 



:2 |yq^teCBPmUE-0UJ 




6a£gdS£$a$ 
*2?e^a^?^(^lSL 

:(D- djoiw 

a: oiw 



?J ? EtT <at M qadacv'g § Etc ?Q@(c- d) 6$z 



q = 0.3 x500= 150 w 



E^d6^l£fiac 



Q= 150x5 x60 = 45.000 Joul 
t = Q / C = 45.000 / 26.000 = 5.7 C 0^<lE80g 

cc,E U£a3J§ ^ (Ma9G&/d ©1^0$ ycc LMaQ]§ 5fy& dpda, 

■ y 




q= t/R = 2.9/0.05 = 58 w 
Q = 58 x 5 x 60 = 17400 

q = (30 -26.9)/ 0.1 =31 w 

Q = 31 x 5 60 = 9300 Joul 




Joul 



GeD 



150 kg EtT 

Qtotal = 450.000 + 9300_-^17400 =_36900 Joul 
t= 36900 / 26000 = 1.42 c - : i^(BK£(&HHa^ (M3$vk#$ 

Sol-air temp. <5EtT CB^Sffi3^?tEk 

.gAo^a^gcl^^?ii9^£^i 




t pK) d36 cED+(^aj^£ 



E^eLdJl cfcu2&t)(at 1 qa^qSLOEcadM 



f4 , 




E (ratio no dinerations) e r = sb_E (T) 4 _ 

(^tyiqaOE^§(\i% 577 x io- 8 ^n$j&§^A@ Kd^Lsb 06 



aE(»)^/V^)d^3ae^(E^i 
E^CpP^abY^uS&az d^.ofeaci^tlfry 



izfU^aVeWte 




c (?r^iO@a,p^ 




c,E=c 

^ o 6CD=yd£ =^E®8^ <M 

q roof = 5.77 x 10" 8 x 0.9 x(313) 4 ==G£odO^^&i 
q sky = 5.77 x 10" 8 x 0.9 x (290.2) 4 ==G£odO^^^ 
q net = q roof - q s k y = 5.77 x 10 " 8 [ (313) 4 - (290.2) 4 ] 

= 5.77 x [(313/100) 4 -(290/100) 4 ] 
= 5.77_x (95.98 - 72.7) =_23.3 watt/m 2 _ 

L (pQ]§ gp_ (MR Mr 06 Il^a1^?(l(ada#^^(i6 j L5<^ 
C|^qa^a(MB^l2grra^ (MRMMia^P (E$$pae 



j (>BU^aGLE6yde ^ da^g^ajas ^T<aE Ap^L^acb/§a 



q wall = sky snape factor x q s k y = 23.3 x 0.5 = 11 .65 watt 

dcT j^Eu|a$z 

0.25 



T sky = ( 0.742 + 0.0015 T d ) u /3 ( T G + 459.7) 



T sk y ( Ranken) 
Td (Fehrenhite) 
T 0 (Fehrenhite) 




(dew Point) ?/ffi(Ei2p 



T sky = [ 0.742 + 0.0027 T d (C)] 0 25 [ T 0 (»K)] 



:j feLP/oEt GBM^fyfyfr <Mj C*/ 



Watson, labs, Climatic Design p p. 62 



T sky = [ 0.742 + 0.0027 x 19(C)] 025 [303 OK)] 
= (0.8413) 025 x(303) 
= 0.95772 x 303 
= 290.2 • 
= 17.2 • 
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?^(K0nt MC&p z jee&#({|li if a?^ K0gA^EtT(Syiq|J(lA 
% Ec 6(§4lE®KY^ 4tiEtY| <K g j #ffl&EtT <at 1 c^yQ^M 
Gpo^j acto^Ec- %dc Bls(y^A^aH4^U#(ayi^ 
Qfiag y|l^aE CH$ GD^E at A cp±t%a ^ a^agidl^E^li^ 

j acb% Ec ?^>HMtfE$a 
: /HEW <$t3JE6?tMi ltaV$ gyp^(SLdaC5 K$afe* 

.^az gMB^doOEriS) ay| - C 
.1 (p^OE®iLka^Dp3^ c 
.OESc£ E Cbp>EtT St 1 qpgf - D 
.?EtT it Mm. (pQD^OBy&S- d' 

: E Cbp> EtT it A qpalGb?^® >EZa 
/BEJC&3 ?L G^OJlf aRaKQ^at A qaoSp £g (jfe jdpcCD n<aoLj U 
z MOkEtT i(S)U$g Uttko <f adj§ doiflJ^UB^ MLkdW^oh, 



Gee 



!!j>bl^>bl&cbK§g^lcp 

crista A qadoJ^®a li GO&ar?^ OS/Vija 

. QfiSp 

-: ?^6©?g<2X 

.c(i£i|^r>C 

.C(ES|QhiBi^j^^(^-c 

.(^531 

z t Mc§iq0£$e£& 7% (a) ($pG^(l£aaLz c OE&JMmwC) 

(ydec JftM 

cta^c*xlEC&G^^ 

aOE^da^flfe (Q d&do£gft(I j atf^ZV?09 c GUBa 
c(KBa£TaM2@E>^G 

:QlpaL(pnr^ 

A2 dome = A2 cos 

_W = Adome if 

w = A 2 cos 2 / r 

1 / ?^kfflo?^^30l^Ac^?L%ljAfeaftz ECbfe^la 

Inormal — Al e / 




Aj ?^ /S®)ZtT ?^ 1 cpa££ Rhrtw^iz ai OEGida^)i(i} aj ^ 

e 1 = Aj ei cos 1 / 

UA2 aE©?^0ttJ[^ tAcpOB^EI&aiA^Ajfc 

. i_2 = e 1 x w 

q 1-2 = [Ai ei cos 1 / ] [A 2 cos 2 / r 2 ] 
q 1-2 = Ai ei A 2 [_cos_ 1 cos 2 ./ r 2 ] 

K0kUQ^QQ3]§) 6 )| §OJ§ ?^ 

>felqffiB/&li QlEop^ UQEAlj a^chJJQaCEklJ Ai®"a^ z d j a 

.Cd^eEtoft A qa±0£(a BUDCA 

.caEi|^r>C 

. coSSfcapa^^ D 

P^^e^AoUQdflfe lo(^lqajU6^lM^^)2^(^| 

z t AcpU0tiftipGB 7% (a) ($pGEq£(l£aaz c aB6QCyNla%|)U 

.(ydec ?t^y«M 

U(ln4^n^l}Q &QAM$ c GOEof /6& c 

UBUB6?^j aOE^da^flfe (Q CEOicbwCli^cl} a*D|ft?08 c GOBS 
c GO&aeg; a E Apl$ Qt OJ§ ^ (1 j if <<! (3p 1 ?| /ML ? §® 

A2 dome = A2 cos 2 

W = Adome /r 2 

.MJ^Ocpfe^Lr 2 ^l^i^a^&^aE(SU(lni|^rpiA dom e 0© 
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w = A 2 cos 2 / r 

1/ ?^kOEi?^^30^^cpof?ifel4A^a^z ECbfe^i 
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normal 



= Ale / 
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Ai ->% /S^etT 



khrlw^iz ai alE®chdp©i(l} aj ^ 



e 1 = Ai ei cos 1 / 



ua2 <m^0^mMmmm-z tlcpft^E^&m^/s^ 



1-2 = e 1 x w 



q 1.2 = [Ai ei cos 1 / ] [A 2 cos 2 / r 2 ] 

q i. 2 = Ai ei A 2 [cos i cos 2 / r 2 ] 5 

=A1 

q i = Ai ei ~ 6 

Oily <Q?M£ OJ§ dac QJ§ Tppfead j a^Ecpfot^adil^Mj >6 /fc 



(c-Q 



F 1-2 = q 1-2 / q i 



F i-2 = A 2 [cos i cos 2 ./ r ] 
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Uai , A2 RHiBaGLEnOtf ?^ SL< 

. R HLEok a^JDpMte £g U0Q El 

ABB Agtenite elements /BB@ffifco|^^g ii^actaKSl §f 5UQJ§ G6 lofdtt^X 
(fe ^4(?^^^fittiD%liii<agf a*pa£g M)?^ Z(ji?ADa 



.OQXBfc3^a ar^®tt&>4ri^^aX^a^Au 
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uk k^L^ma M.g 1$$]$ gfez <§b*rq& a|<pr /ig^eMask a6 

a!§ g ^®(|^r}g AS A^_Q^loiflkOBJ^ adad^Dig ii^ig ^®w^fer § 
& ctJigyy^^ial^g^liJ^ aylg?^j^6o^ll^| 

yc xycain s^^ife^y^r^aj^ i ^^1^@tiq@S| z 
ttd<b&3 jeioSCk^ z AU^ttikftj^ xy: g ^p3J§| 
«S O»§L$a'x0^x0qaE£ ElJb^Q^ k£3^±V $^llb%p 
xyj BLJd' xyd'aVS z g BL^EQ^ (Mh^g >«Eaz >#Vty Q^UsI 



lkl-CE^0|*&c#T taq^^^q|6>^(4-5)_^p^kl,(^0 

.b OErag &£G5 3ia 33 <$g^\M£k- 6 
. a QJ§ g ^da^QdcMog aE AjaAdk- E 
. b GLEg$)^ BIA QLEq^^ ch^2p^£i(S 3l©U?k e 
. a- b kHlofca^lGD|^^ E 

cbKK^tt ^6#gp^pE gi#a^pi^F gQ^Ql^L^ 
>& dOJ§} ag 1 3 ;Mqk Hfl§ Q.T A" b&hfa^l$l^/|^a^^ 
ag S£GHG5 ^t^CB QtifiOftha GPASg^BLfe^d: 

efea^ 6 CB ^(^likSOizj) nfelCXi rispl^E r%aGQlz| 
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YB|yq^Cai»&Jfeeni£i| 

. i dn A^?%Nfe)EtT (S/ftq^/BBUfrC 
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. R solar fflitJ^I^BEJIo^ D 
CSftag ^®™^i^a^y%a prefix d' 

Id = Idn COS 

k$Uj£Mh&$tt\ gfe GB ^ U^QQfeEodaA <pt A cpdo a /Eg d 

.A^EtT&Aq^feafcEtt 

Idif — F point - sky X Idiff 

.gfl^ict^Chpi} aa /Eg U0t E 

_ _ _ _ I r = (Id +_ Idiff) X R S olar 

<0taofl§pb^M (4-5) SKhz di|a(L) ?LjSL(^iaC&l6 3p:-e 

.t/Mqfe 

E Ajafld^ ULKlidtfused aiQ)^ C&T (agiEaa ^^(^IM^ag il^d^eE 
:d^^az CEiQUl aGObCBEtT Sg^Eafttffa £g U0t C 

Tsa = Tair + [net solar gain of energy] x [surface risistance] 
net solar gain = [I diffused + I direct - Assumed value of rediated energy] 



e =_ x 5.77 x 16 x (T/100) 4 
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dip^j c|GD^ YnStia 4g z g^aofli^ a 7^Lka^0(S^i ?ii^e 
g^^G^^a§7^L^3iJMaz (iJ^^|^3iqa6a%^fc^ 

6o§lMf aaAl^^Ld^io l%^Ch Cb j IQg ij^peO* 

5Z c£ 
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?A>\UBrtvQO a© g a( 

a. Mg d§§ 6TTio(M^F^ ap ^K3^MEnA0^e 
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^pi^a^te^j dpipVs g i&M. Kpg U 
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sStada, 
.dd^.GSEa 



c,c gi^ (p cmi dp?u^ Oft $ 3 ac <^m$M d&z.G|ra80(p 

! ! ! y£tt ei§i^ (M3^A!k^ab&6 G a .$6 

Bl^adp^ao^ A^C^(|S(az Zl^Sc BU^fi&ia(A ^Ta^ 
?t$ ?^flOaa efiMiBUt ^;a^a(E^EJ3?V|Arg© (iQje^lgla 
d6& M&E ^ ipBGsLPa^y^ij Ay^fe l^^i&p^^e 

.^a^fl^fC^iSL?^ ^ U 

GCkOaK^f h% E^Jp G: - cSpQ dari^Gf^^ C 
^M-aga^|z ^^HZ«^BCaS|a^a^M 

<0fi&M$l!k U^G^y^rra^ (M?^d^^a^@a^-c 
Z<H k C^Ia?^ l<$ 3^ Uft^c* GD^Ia?^ g ape tt&iMa 

^(llooSflMa^ <M3$VK#$ Qa .^6c,cQ3) 




.aiM)oe 



n^fc^fimi^W&k Rl 
3Rasfla^/^^ z 

/^"(^(^aGE/^^?!^lciacbEi §^aOgAolBX^rt£ 
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91 ; v^acb?(6|)l aa >£g E |§) ? E$i8 M ^S^^s^^S^ |d| z iu 
<0.aCb j U6 i^CR^ act? llJfap^O^&lM^ GK$ GjEij U5 i$ 
PelEa^F acb(iig) J^66^lMfeLZa|i ^EDBLtlq^^ 
#^ l>a^&a^qoi^aS^ z G^fl^!®i^(»a^ >^Eafe p,Ea 

e0KPQ| 6?!?^ o§ g a^^3iOjpc£ K5l GO a£EaiL g^M^ 
GO asKq^34aq CdS£ia$! 
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^ag^E§M3iflff <jg (Mdk(E®g 
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a^?^S^GOalJ^Iaa&^ 
fc)t>iag^5_z (^cb^a^a^K^kayl^a 
CR^l^g)^E^4ig dp#g gM^ 
?^l(^e GcOnt 1 aj£p z U^a?^ AtG^ 
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